its high vitamin C (600 mg/100 g fruit), vitamin E content, and flavonoid components. Recent studies have shown that constituents of sea buckthorn are considered to be promising compounds in the treatment of cancer, gastric ulcer, skin diseases, thrombosis, and diabetes [1] . Moreover, antiviral and antibacterial effects were reported for the aqueous seed extract and hiporamin, a purified polyphenol fraction of the leaves [3] .
The anti-inflammatory activity in various experimental models of inflammation has been documented. The 70 % EtOH extracts of the branches of H. rhamnoides showed inhibitory effects on 12-Otetradecanoylphorbol-13-acetate (TPA) induced ear edema in mice [4] . (−)-Epigallocatechin and ursolic acid were isolated and identified as compounds responsible for anti-inflammatory activity. Liu et al. [2] studied the polysaccharide fraction isolated from the berries and found that its anti-inflammatory effect is mediated by blocking NF-ĸB activation. Yuan et al. [5] investigated the protein fraction obtained from the seed and concluded that seed protein diet can significantly reduce inflammatory factor levels in diabetic mice. In the study of Park et al. [6] , the activity-guided fractionation of dichloromethane fraction of the stems resulted the identification of β-sitosterol as an anti-inflammatory agent; this compound strongly inhibited the production of nitrite in RAW 264.7 cells compared to only lipopolysaccharide treatment.
In accordance with the above scientific and folk medicinal information, sea buckthorn berries are widely used as food supplements, additives, cosmetic ingredients, or nutraceuticals. In addition, in the recent years a new application is spreading through the Internet in Hungary. It is claimed that sea buckthorn preparations are effective in reduction of allergic symptoms, caused by pollens, metals, or sunburn. The dried fruit mixed with yogurt, muesli, or other food is recommended for the alleviation of sneezing, nasal congestion, cough, itchy skin, watery eyes, runny nose, hives, and irritability [7, 8] . The information is propagated on forums and in product advertisements, and some medical doctors also advise for their patients the use of sea buckthorn fruit for the treatment of allergic symptoms. The aim of the present work was the validation of this observation and investigation of the fruits of H. rhamnoides for anti-inflammatory activity using in vivo animal models. Different parts of the fruit and extracts prepared by different solvents were analyzed, and from the most active CHCl 3 fraction of the MeOH peel extract, the compounds responsible for the activity were identified by activity-guided isolation procedure.
Results
According to modern ethnobotanical records, the fruits of H. rhamnoides were effective in the treatment of different allergic symptoms. In order to obtain pharmacological evidence for this observation, the fruits were investigated for their anti-inflammatory activity using in vivo rat paw models.
First, aqueous (HFWE) and 70 % MeOH (HFME) extracts were prepared from the whole fruits of H. rhamnoides and tested in the 48/80-induced rat paw edema model after oral administration. HFME showed interesting anti-inflammatory activity and reduced the edema volume (0.660 ± 0.082 mL vs. control 0.935 ± 0.041 mL), while HFWE had no significant effect (0.874 ± 0.130 mL) (▶ Fig. 1 ).
With regard to the significantly different chemical composition, different parts of the fruits were investigated separately, and aqueous MeOH extracts were prepared from the pulp (HPuME), peel (HPeME), and seeds (HSME) in order to find the most active part of the berries. HPuME exerted no significant action on the formation of 48/80-induced rat paw edema (▶ Fig. 2) . HPeME exhibited the highest anti-inflammatory effect. HSME produced a moderate (0.760 ± 0.111 mL vs. 0.920 ± 0.111 mL) but significant (p < 0.05) reduction of rat paw volume.
In order to investigate the possible mechanism of edema inhibitory effect of the most active extract, HPeME was tested in different inflammatory models. In this set of experiments, serotonin, histamine, dextran, bradykinin, and carrageenan were additionally used as edema inducers. It was established that oral administration of 500 mg/kg HPeME was ineffective if edema was induced by serotonin, histamine, dextran, bradykinin, or carrageenan (▶ Fig. 3 ). In case of compound 48/80-induced edema, however, HPeME inhibited significantly (0.470 ± 0.124 mL vs. 0.920 ± 0.111 mL, p < 0.001) edema formation.
Solvent-solvent partitioning was used to gain CHCl 3 (HPeCE), ethyl acetate (HPeEE), n-butanol (HPeBE), and water soluble (HPeER) fractions of HPeME with the aim to identify the active constituents (▶ Fig. 4) . The anti-inflammatory activity of HPeCE, HPeEE, HPeBE, and HPeER was investigated in the 48/80-induced rat paw edema model (▶ Fig. 5 ). Edema inhibitory activities of fractions containing moderate apolar components (HPeEE, HPeBE, and HPeER) were not statistically different from the values of the control. Volume of paw edema after oral administration of the lipophilic fraction HPeCE (500 mg/kg) was significantly reduced (0.362 ± 0.103 mL, p < 0.01) compared to those in the control group (0.644 ± 0.059 mL). All these findings suggested that the anti-inflammatory agents of sea buckthorn fruits are concentrated in the peel of the berries and have lipophilic character.
For bioactivity-guided isolation CHCl 3 soluble fraction (27 g, 0.9 % of peel) (HPeCF) was prepared from the 70 % MeOH extract of dried peel and submitted to VLC on silica gel using gradient system of n-hexane-acetone, to yield fractions A1-20, A21-31, A32-41, A42-49, A50-55, A56-61, and A62-68, respectively (▶ Fig. 6 ). After testing the fractions in the paw edema model, it ABBREVIATIONS 
HFWE
Hippophae fruits water extract HFME was established that fraction A32-41 had a similar significant activity as HPeCF (edema volume 0.432 ± 0.079 mL and 0.440 ± 0.128 mL, vs. control 0.855 ± 0.067 mL, p < 0.001) (▶ Fig. 7 ). All other fractions proved to be inactive. The thin layer chromatogram of fractions suggested that component at R f = 0.73 represents the major compound of the active fraction (A32-41) (Fig. 1S , Supporting Information). After repeated purification by VLC on RP-18, a mixture of two compounds was obtained (besides a fraction without these compounds). On the basis of structure elucidation using 1 H and 13 C NMR measurements and MS spectra, the two compounds were identified as oleanolic acid and ursolic acid based on the data identical with those reported in Hu et al. and Gnaotto et al. [9, 10] . The concentrations of triterpenes were measured by HPLC-UV method. It was established that fraction A32-41 contained 30.76 % oleanolic acid and 19.11 % ursolic acid. Accordingly, the calculated oleanolic acid-ursolic acid ratio in fraction B16-19/ C11-16 was 154 : 96. Anti-inflammatory activity of the main components oleanolic acid and ursolic acid, their mixture (ratio 154 : 96), and fraction B1-9/C1-10 (other compounds) were tested in the paw edema model using different doses imitating the composition of fraction A32-41. Oleanolic acid (154 mg/kg), ursolic acid (96 mg/kg), and their mixture (154 : 96, 250 mg/kg) significantly reduced the edema volume (0.600 ± 0.055 mL, 0.688 ± 0.102 mL, 0.452 ± 0.080 mL, vs. control 0.862 ± 0.097 mL), while the fraction containing other compounds (fraction B1-9/C1-10) had no significant effect (0.920 ± 0.087 mL) (▶ Fig. 8 ), proving that the triterpene acids are the active ingredients.
Fraction A42-49, which showed some overlap in composition with fraction A32-41, was subjected to multiple chromatographic separations to afford the isolation of lignans 1-3. Compound 1 was identified as nectandrin B [11] , compound 2 was identical in all of its spectral characteristics with fragransin A 2 [12] . Compound 3 was identical with saucernetindiol [13] (▶ Fig. 9 ). The NMR data of these compounds in CD 3 OD (Table 1S , Supporting Information) are reported here for the first time. In addition, by crystallization from MeOH, fractions A50-55 and A56-61 afforded isorhamnetin.
Discussion
Sea buckthorn has been used globally as therapeutic and healthpromoting agent and is regarded as a "superfood" because of its powerful antioxidant effects, high vitamin C contents, and richness in polyunsaturated fatty acids. In recent years in Hungary, the fruit of the plant has been advertised as an effective herbal product for the treatment of allergic symptoms. In our experiment, the anti-inflammatory activity of the berry was studied using in vivo rat paw edema models. The inflammation-reducing activity of the 70 % MeOH extract was confirmed in the 48/80-induced rat paw edema test, which is a standard model of mast cell degranulation-implicated inflammatory processes. The highest activity was recorded for the peel extract, when 70 % MeOH extracts of different parts of sea buckthorn fruit (peel, pulp, and seed) were evaluated. The peel is often considered as the by-product of food processing (e.g., juice pressing).
▶ Fig. 1 Effect of the p. o. administration of water (HFWE) extract or 70 % MeOH extract (HFME) (500 mg/kg) on 48/80-induced rat paw edema (mean ± SD; *p < 0.05 as compared with the control).
▶ Fig. 2 Effect of the p. o. administration of cetirizine (50 mg/kg) or 70 % MeOH extract of peel (HPEME), pulp (HPuME), and seeds (HHSME) (500 mg/kg) on 48/80-induced rat paw edema (mean ± SD; *p < 0.05, ***p < 0.001 as compared with the control).
▶ Fig. 3 Effect of the p. o. administration of MeOH peel extract (HPeME) (500 mg/kg) on rat paw edema induced by different proinflammatory agents (48/80, serotonin, histamine, dextran, bradykinin, carrageenan) (mean ± SD; ***p < 0.001 as compared with the control).
The fruit peel extract inhibited only the 48/80-induced inflammation, and inflammation caused by other edema inducers (serotonin, histamine, dextran, bradykinin and carrageenan) was not reduced by the fruit peel extract (HPeME). The inflammation elicited by compound 48/80 is considered a consequence of the release of endogenously produced and stored histamine from mast cells [14] . The other applied agents are either exogenous mediators of the pro-inflammatory reaction (bradykinin, serotonin, and histamine) or polysaccharide-type inducers (carrageenan, dextran) eliciting a more complex mechanism involving bradykinin, histamine, tachykinins, reactive oxygen, and nitrogen species [15] . The basic difference of these mechanisms supports the possible benefit of H. rhamnoides in the treatment of allergic symptoms, in accordance with recent ethnobotanical observation.
Ursolic acid and oleanolic acid were identified as the main compounds responsible for the activity with the guidance of the 48/80-induced anti-inflammatory assay from the active apolar fraction of MeOH peel extract by solvent-solvent partition and chromatographic purifications. The pure triterpene acids unequivocally accounted for the anti-inflammatory effect of the fruit peel extract, but other active compounds may also be present in smaller concentrations. Regarding the mechanism of action, it is supposed that the measured activity of triterpene acids is based on membrane stabilizing effect caused by inhibition of the degranulation of mast cells.
Isolation of ursolic acid and oleanolic acid was reported already from the fruits of H. rhamnoides [16] . Ursolic acid was also obtained from the extract of branches of the plant [4] . Their anti-inflammatory activity was demonstrated by several studies. It was found that ursolic acid and oleanolic acid have TPA-induced inflammation inhibitory activity in the mouse ear edema test [15, 17] . Significant COX-2-inhibiting activity of ursolic acid was demonstrated in in vitro COX-2-catalyzed prostaglandin biosynthesis assay with a COX-2/COX-1 selectivity ratio of 0.6. This activity was observed in COX-2 TPA-treated human mammary and oral epithelial cells. Oleanolic acid exhibited inhibitory effects on carrageenan-induced rat paw edema and formalin-induced arthritis [18] . Despite of these studies, the in vivo anti-inflammatory effect of orally applied compounds on 48/80-induced edema model was not reported previously. In accordance with our results, the antiinflammatory effect of ursolic acid was observed in a rat mast cell bioassay, and it was found that this compound inhibited 48/80-induced histamine release by 95 % and 26 % at concentrations of 10 −3 M and 10 −4 M, respectively [19] .
The present phytochemical analysis also resulted in the isolation of isorhamnetin and 2,6-bis-aryl-tetrahydrofuran-type stereoisomeric lignans: nectandrin B (1), fragransin A 2 (2), and saucernetindiol (3). This type of lignan was identified for the first time from sea buckthorn and from the Elaeagnaceae family. Previously, these compounds were reported from different Myristicaceae, Saururaceae, Magnoliaceae, Lauraceae, Piperaceae, and Poaceae species [12, 20] . Previously, other types of lignan, secoisolariciresinol and matairesinol, were isolated from sea buckthorn berries, and both compounds were detected in seeds, fruit pulp, and peel [21] . Compounds 1-3 were minor components of the active extracts and fractions, and although most probably they have no anti-inflammatory activity, they may contribute to the therapeutic and health-promoting effect of H. rhamnoides preparations. In earlier studies, tetrahydrofuran lignans were shown to ▶ Fig. 5 Effect of the p. o. administration of cetirizine (50 mg/kg) or CHCl 3 (HPeCE), ethyl acetate (HPeEE), n-butanol (HPeBE), and water peel extract (HPeER) (500 mg/kg) on 48/80-induced rat paw edema (mean ± SD; **p < 0.01, ***p < 0.001 as compared with the control).
▶ Fig. 4 Scheme of preparing of extracts HPeME, HPeCE, HPeEE, HPeBE, and HPeER.
have high plant growth inhibitory potency against Italian ryegrass and against lettuce, and the inhibitory activity varied depending on the configurations of each position of the tetrahydrofuran ring [22] . Nectandrin B (1) was reported to have hepatocyte-protective effect against oxidative injury through the activation of the Nrf2/ARE pathway mediated by extracellular signal-regulated kinase phosphorylation and adenosine monophosphate activated protein kinase dependent inactivation of GSK-3β [23] . In addition, nectandrin B (1) suppresses the expression of adhesion molecules in endothelial cells, an initial event in atherogenesis [24] . Diaryldimethyl-tetrahydrofuran lignans, including nectandrin B (1), exert neurotrophic and neuroprotective effect, promoting neuronal survival and neurite outgrowth [25] .
Materials and Methods

General experiment procedures
The optical rotation was determined in CHCl 3 using a Perkin-Elmer 341 polarimeter. NMR spectra were recorded in CDCl 3 and CD 3 OD on a Bruker Avance DRX 500 spectrometer at 500 MHz 
Plant material
H. rhamnoides was organically cultivated and harvested in Fajsz, Hungary. Fresh whole fruits, fresh pulp, dried peel, and dried ▶ Fig. 6 Scheme of bioactivity-guided isolation.
▶ Fig. 7 Effect of the p. o. administration of cetirizine (50 mg/kg) or CHCl 3 fraction (HPeCF) and fractions A1-20 to A62-68 (500 mg/kg) on 48/80-induced rat paw edema (mean ± SD; ***p < 0.001 as compared with the control).
seeds were donated by Bio-Drog-Berta Ltd. The plant was identified by Dr. Zoltán Berta. A voucher specimen has been deposited at the herbarium of the Institute of Pharmacognosy, University of Szeged (voucher no. 878).
Preparing of extracts for pharmacological investigation
The different plant materials (whole fruits, peel, pulp, and seeds) were crushed or grinded and extracted with the adequate solvent in ultrasonic bath (3 × 15 min). The extracts were concentrated under reduced pressure and freeze-dried. Then 200 g fresh fruits, 200 g fresh pulp, 100 g dried seeds, and 100 g dried peel were extracted with 3 × 200 mL water (HFWE), 3 × 200 mL 70 % MeOH (HFME), 3 × 200 mL 70 % MeOH (HPuME), 3 × 200 mL 70 % MeOH (HSME), and 1 × 300 mL and 2 × 200 mL 70 % MeOH (HPeME) affording dry extracts HFWE (12.7 g), HFME (6.7 g), HPuME (6.9 g), HSME (12.7 g), and HPeME (15.2 g), respectively. Dried peel (200 g) was extracted with 1 × 1300 mL and 2 × 600 mL 70 % MeOH. After concentration under reduced pressure (to 200 mL), the extract was partitioned successively with CHCl 3 (3 × 150 mL), ethyl acetate (3 × 150 mL), and n-butanol (3 × 150 mL). The extracts and the remnant were concentrated under reduced pressure affording extracts HPeCE (3.13 g), HPeEE (2.80 g), HPeBE (5.22 g), and HPeER (20.41 g).
Bioactivity-guided isolation
Dried peel (3000 g) was percolated at room temperature with 70 % MeOH (30 L). The crude extract was concentrated (2 L) and partitioned with CHCl 3 (6 × 1500 mL). The CHCl 3 fraction (HPeCF, 27 g) was submitted to VLC on silica gel (15 µm, Merck) column (A) using a step gradient of n-hexane-acetone 9 : 1 (600 mL), 8 : 2 (500 mL), 7 : 3 (500 mL), 6 : 4 (500 mL), 4 : 6 (500 mL), 3 : 7 (500 mL), and acetone 300 mL to yield 68 fractions. Fractions of 50 mL were collected and monitored by TLC. The fractions A1-20 (2.4 g), A21-31 (2.7 g), A32-41 (2.7 g), A42-49 (2.1 g), A50-55 (3.8 g), A56-61 (1.1 g), and A62-68 (3.5 g) were combined. These seven fractions were tested in paw edema model using 48/ 80 as inducer.
Of the active fraction A32-41, 1.0 g was fractionated by VLC on RP-18 (40-60 µm, Merck) column (B) using a step gradient of acetonitrile-water 1 : 1 (200 mL), 7 : 3 (800 mL), 8 : 2 (200 mL), acetonitrile (100 mL), and MeOH (300 mL) as mobile phase to obtain 19 fractions (100 mL). Fractions B1-9, B10-15, and B16-19 were combined. Fraction B10-15 was chromatographed by VLC on RP-18 (40-60 µm, Merck) column (C) using a step gradient of acetonitrile-water 7 : 3 (800 mL), acetonitrile (400 mL), and MeOH (400 mL) as mobile phase to obtain 16 fractions (100 mL). After TLC monitoring, two combined fractions B1-9/C1-10 (529 mg) and B16-19/C11-16 (464 mg) were obtained. Fraction B16-19/ C11-16 proved to be mixture of oleanolic acid and ursolic acid. ▶ Fig. 9 Structures of the isolated lignans 1-3.
Isolation of lignans
▶ Fig. 8 Effect of oleanolic acid (154 mg/kg), ursolic acid (96 mg/ kg), mixture of oleanolic acid and ursolic acid imitating the composition of fraction A32-41 (154 : 96, 250 mg/kg), and fraction B1-9/ C1-10 (250 mg/kg) on 48/80-induced rat paw edema (mean ± SD; ***p < 0.001 as compared with the control).
